The effect of ultra violet light on crystal violet leucocyanide by Fitzgerald, Emerson Blanchard
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1941
The effect of ultra violet light on
crystal violet leucocyanide
https://hdl.handle.net/2144/13807
Boston University

BOSTON UNIVERSITY CHENERY LIBRARY
Regulations for the Use of Manuscript Theses
UnpuM shed theses submitted for the Master's and Doctor's degrees and
deposited ..n the Boston University Chenery Library are open for inspect-on;
but are to c^e used only with due regard to the rvghts of the authors. Biblio-
graphical references may be noted, but passages may be copied only w.th the
permission of the author,, and proper credit must be given in subsequent
written or published work. Extensive copying or publication of the thesis m
whole or in part requires also the consent of the Dean of the Graduate School
of Boston University.
This thes. s by = . has been
used by the following persons, whose signatures attest their acc eptance of
the above restrictions,
A library which bor'^ows thiS thesis for use by ts patror.s ^s expec'ted to
secure the signature of each user.
NAME and ADDRESS of USER BORROWING LIBRARY DATE
BOSTON UNIVERSITy
GRADUATE SCHOOL
Thesis
THE EFFECT OP ULTRA VIOLET LIGHT ON
CRYSTAL VIOLET LEUCOCYANIDE
by
Emerson Blanchard FitzGerald
(S,B,, American International College, 1939)
submitted in partial fulfillment of the
requirements for the degree of
Master of Arts
1941

Approved
by
First Reader
Professor of
Second Reader .^-.£4^^^.
// Professor of Che-^fs^"/

ill.
TABLE OF CONTENTS
CHAPTER PAGE
I. INTRODUCTION 1
Statement of the problem 2
Importance of the study 3
Organization of the remainder of the thesis and
definition of terms used 3
II. REVIEW OF THE LITERATURE 5
Literature on photolysis of crystal violet . • • 5
Limitations of previous studies 13
III, TECHNIQUE AND RESULTS OF INDIVIDUAL EXPERIMENTS . 17
Preparation of materials 17
Qualitative tests • • 18
Electrometrlc determinations • 27
Glass electrode • 27
Platinum electrode 34
Copper electrode 35
Photometric determinations , , 41
IV. SUMMARY AND CONCLUSIONS 46
BIBLIOGRAPHY 50
r• « 9 • *' « «
LIST OP TABLES
TABLE PAGE
I. Effect of Ultra Violet Light on Solutions of
Crystal Violet Leucocyanlde in Various
Solvents 19
II. Change in Potential of Glass Electrode During
Light Reaction 30
III, Change in Potential of Glass Electrode During
Light Reaction in the Presence of Potassium
Cyanide 32
IV, Effect of Cyanide and Copper Ions on the Copper
Electrode in Buffered Alcohol Solutions • 38
Digitized by the Internet Archive
in 2015
https://archive.org/details/effectofultravioOOfitz
LIST OP FIGURES
Figure PAGE
!• Diagrammatic Outline of Tests with
Hydrochloric Acid ,26
2, Glass Electrode Potentials During Light Reaction
in Pure Alcohol ••••• 31
3, Glass Electrode Potentials During Light Reaction
with Potassium Cyanide Added 33
4, Copper Electrode Potentials in Buffered Alcohol
Solutions 39
5, Copper Electrode Potentials During Light Reaction 40
6, Absorption Spectra of Photo Compound • • • • 42
?• Absorption Spectra of Dark Reaction Products, , 45
8, Schematic Representation of Completed Light-Dark
Reaction 49
5?
« «
CHAPTER I
INTRODUCTION
The earliest definite record of a photochemical reaction
was made in 1727 by Schultz when he noticed the effect of sun-
light on silver salts. Then as early as 1818 the first funda-
mental law was deduced by Theodor V. Grotthus who showed that
only light which is absorbed can produce chemical change.
Since that time the number of photochemical effects which have
|been discovered and the quantity of published material which
has appeared as a result of these experiments has been tremen-
dous. The development of the spectrophotometer and extremely
sensitive potentiometric apparatus has put two powerful tools
Into the hands of the chemist and today it is hardly possible
to open any of the chemical periodicals without encountering
the familiar sight of the absorption-spectrum-curve or the
tables of various potential data. However, in spite of the
great amount of investigation which has been going on for the
past 100 years, Cohen^ remarked as late as 1928 that, "Apart
from records of its effects and an examination of a few special
reactions, the theory of photochemical change has not advanced
Tery fsa»." Of course, since 1928, considerable progress has
been made, nevertheless it is still true that much Is left to
!l. Julius B. Cohen, Organic Chemistry for Advanced Students
'(Revised edition; New York: Longmans, Green & Co. 1928),
p. 162.
TUTrTMTa q
be desired as far as agreement between various theories and
theorizers is concerned. But before we can hope for agreement
'^on theories we must have agreement on facts and the present
state of affairs is such that much disagreement is found in
the literature, not only in the older work but also in the
latest publications.
1| One of the photochemical reactions which fall in the
above category is the light-dark reactions of the leucocyanides
of the triphemylmethane dyes. Although the reactions were
first observed in 1919 they are still under ciirrent investiga-
tion and even dispute.
1. STATEMENT OP THE PROBLEM
I The purpose of the present investigation was to deter-
mine the exact nature of the effect of ultra violet light on
crystal violet leucocyanide • It was originally hoped that such
l|knowledge would (a) furnish proof of the present conception of
the reaction mechanisms which are now largely based on specula-
tion or else make possible the formulation of new mechanisms;
and (b) establish the quantitative relationships involved in
ll
the conversion of leucocyanide to photocompound. Even though
the study is confined to crystal violet occasional reference
will be made to malachite green whose reactions are nearly
il
Identical, qualitatively, with those of the compound to be
studied.

2. I&TORTANCE OP THE STUDy.
As has already been stated, the knowledge concerning the
effect of "Ultra violet light on crystal violet leucocyanide is
I
neither complete nor definite. In the realm of pure science
such a situation should be sufficient justification of further
investigation. In the present case, however, the substfiince in-
volved has an added importance in that by mere coincidence the
,
particular band of the spectrum to which It is sensitive corres-
ponds almost Identically with the wavelengths which produce
erythma on human skin. In consequence of this fact the use of
crystal violet has been suggested^ as an actlnometer in light
therapy or in any place where quantitative Information con-
cerning light of this wave length was desired. It goes with-
out saying that the use of this compound in actinometry would
be impossible without exact information on its behavior under
all conditions.
3. ORGANIZATION OF KEilAINDER OF TEsH THj£SIS.
In the next chapter all the literature which has been
found concerning the photolysis of crystal violet leucocyanide
will be reviewed chronologically in considerable detail start-
I
Ing with its discovery and continuing up to the present. This
|
I
will be followed by a brief discussion of the Inadequacy of the
2, Edith Weyde and W. Frankenburger , Transactions of the
Faraday Society
.
27:561 (193lT.
c
present state of knowledge as shown by the literature. The
remainder of the thesis will he devoted to detailed treatment
of the technique, results and interpretation of each experiment.
For the sake of conformity the colored compound formed
as a reult of irradiating the leucocyanide will be termed the
photo compound. The colorless product of the dark reaction
will be called the dark reaction compound. In order to avoid
'continual repetition of some rather unwieldy names crystal vio-
let will be abbreviated "CV.," leucocyanide "L.C", ultra vio-
let light "U.V.L,", malachite green "M.G.", etc. The colorless
leucocyanide will often be referred to as the nitrile which is
common usage in the german literature.
rr
CHAPTER II
REVIEW OP THE LITERATURE
Literature on the photolysis of crystal violet
leucocysinlde « Hantsch^ In his directions for the preparation
of CV.L.C. remarked that the substance, after preparation
should be dried in a brown glass desiccator since long exposure
to light turns it pale violet. But apparently the first person
to give any consideration to this reaction was Llfschitz*^ who,
in 1919, discovered the following facts;
1, Alcoholic (ethyl and methyl) solutions of CV.L.C,
became violet upon exposure to U.V.L. from either an iron ore
or mercury vapor lamp.
2, The reaction proceeded faster if the solution was
in a quartz test tube but would go in glass.
3, Solutions in carbon tetrachloride, chloroform,
benzene did not become colored.
I 4. The color gradually disappeared in the dark and
faster i?hen heated.
I
5. Addition of potassium cyanide hastened the dark
reaction.
I 6. The specific conductivity of the solution increased
during the light reaction.
1. A. Hantzsch and G. Osswald, Berlchte der Deutschen
Chemischen Gesselschaft
.
33:300 (1900)
.

Prom this last fact Llfschltz calculated that If one
assumes that the photo compoimd is the dye cyanide and that
the conductivity is proportional to dye content then the
C.V.L.G. is Z2% changed to dye cyanide during the light re-
action. For mechanism he proposed the following:
C
('colo-rless jiomtec'^
+ CH'
l.-9kt
+ CN'
The only proof he offered for the dissociation was the in-
creased conductivity. He admitted that the presence of the
cysinide ion could not be proved by simple chemical methods
such as precipitation with silver nitrate because the solu-
bility of the L,C, was so small that even in a saturated
alcoholic solution the concentration of cyanide ions would be
less than the amount required to form a ppt, with saturated
silver nitrate even if it were 100% converted to dye cyanide.
As for the other triphenylmethane leucocyanides
,
they gave a pre
dpi tat e both before and after irradiation due to formation of
molecular compounds.
r
7.
In 1921 Llfschitz*^ continued his investigation and found^
that
:
1, CV.L.C, is colorless in solution in all organic
solvents,
2. Heating does not cause it to color
•
5« Dll. and cone, mineral acids do not cause it to
color.
4. Alcohol solutions of the carbinol as well as the
L.C. will color in daylight or artificial U.V.L.
5. Benzene and ether solutions of L.C. will color under
strong irradiation if given time enough.
6. Mineral acid solutions of L»C. will not color even
in the strongest irradiation.
7. The dark reaction may be catalyzed by either KCN
or KOH.
8. Light reaction is slowed by increased temperature.
9. The reactions are fully reversible.
10. The heavy metal cyanides (i.e. AgCN, Hg(CN)2) slow
down the dark reaction either by acting as negative catalysts
or by the formation of molecular compounds with the dyestuff
cysinide •
11. Solutions of malachite green L.C. or Brilliant Green
L.C. colored by irradiation will fade in the dark in the course
of 24 hrs. (or less by addition of KCN) but similar solutions
3, J. Llfschltz und Ch. L. Joffe, Zeitschrlft fur Physlkalisch
Chemie, 97:426 (1921).
1
1
e

of rosanllln or C.V.L.C, require weeks or months to fade.
|
12. The photo compound has the same absorption !
spectrum as the dye from which it is derived.
13, The maximum conversion after irradiation for more
than 22 hr. with an arc light and 6 hr. with a mercury vapor
lamp is 66.19^. The calculation was based on measurements of 'j
the molecular conductivity of C.V.L.C. solutions in alcohol
and similar solutions of C.V. chloride. li
The next considerable work on the subject was done by
Weyde^ In 1931, According to her investigations the formation
of dyestuff for a given light Intensity is proportional to the
time of illumination tintil a certain amount is converted,
then the reaction slows down, due, on the one hand to absorp-
tion by the dyestuff formed and on the other, to decrease in
the concentration of L.C. Also, the dyestuff formation is
only proportional to the Intensity of illumination up to a
certain degree of change. The change of nitrlle (C.V.L.C.)
is quantitative within the accuracy of the measurements. The !
light reaction is independent of the temperature between
-6°C suid 40°C. Weyde also noticed that potassium cyanide in-
creases the speed of the dark reaction and that water checks
It: apparently (according to her) In consequence of the
4. Weyde, Edith and W. Prankenburger , Trans . Faraday Soc.,
27:561 (1931).
5. It is interesting to note that these Identical facts and
conclusions, with respect to the corresponding lenco sulfites,
had been arrived at by E. 0. Holmes, Jr., nearly ten years
previously. Journal of the American Chemical Society. 44:1002
(1922). —

9.
hydrolysis of the potasslmi cyanide. This led her to believe
that only the cyanide ion was effective in catalyzing the dark
reaction and that in order to obtain measurable reaction
velocities the concentration of the cyanide ion had to be made
distinctly higher than that of the L,C« The velocity of the I'
reaction for given qusuitities of KCN and water is proportional to
the number of dye molecules still present. With no KCN and the
most absolute alcohol she observed some decolorization in one
day. The dark reaction was found to increase five-fold for
every 10° rise in temperature.
On illumination of C.V.L.C. solutions containing
potassiiam cyanide a point is reached where equilibrium is es-
tablished between light and dark reaction and no further change
-vtakes place. Long continued irradiation of these solutions
causes the eventual destruction, the solution becoming dis-
tinctly yellow. No amount of Irradiation can destroy the dye
formed in solutions containing no excess potassium cyanide. '
Finally, Weyde determined the solubility of C.V.L.C. in
absolute alcohol and states that one liter at room temperature
dissolves 5.8 x 10*^ gram-mals. (.023 grams). It takes a long
^tlme to dissolve.
The following year Weyde published a second article
6. Weyde, Prankenburger and Zimmerman, Zelt . Phys . Chem,
,
17B: 276 (1932).

concerning a detailed study of the light-dark reaction of
C.V.L.C. The results of this study are summarized:
1. Solutions of C.V. in alcohol follow the Lambert-
Beers Law,
2. For the light reaction the Bunsen-Roswesche Law of
Reciprocal States is valid at least so long as a small fraction
of the L.C. is changed over (e.g. at the beginning of the
reaction)
•
3. The amount of photochemically-produced dyestuff
is proportional to the product of the light intensity and the
time of irradiation.
4. The maximum sunount o<S dyestuff formed thru
Irradiation corresponds to the amount of L.C. existing in
solution as determined by weighing.
5. Pure, dry alcohol was prepared with extreme pre-
cautions in an attempt to get measurable dark-reaction rates
but still the reaction could not be hastened and no reproducible
results were obtained.'''
6. In order to get clearly noticeable reaction speeds
(color disappearance in minutes or hours) it was found that
the KCN concentration must be 10-100 times higher than the
dye produced by irradiation.
7. The colorless or pale yellow product formed by
long-continued irradiation of the solutions (previously
7. Weyde later mentions some pure alcohol in which colored
C.V.L.C, solutions faded to colorless in 24 hrs.
rr
m
Imentioned) may be either the original nitrile or, as some
experiments indicate, it may be an oxidation product. In the
latter case we would have two competing photo reactions on the
starting material: Nitrile — Dyestuff, Nitrile oxydation
product
•
8, Addition of water up to 10% does not decrease the
solubility of C.V.L.C. in alcohol appreciably. Increasing
temperature increases solubility rapidly; the substance dis-
solves very slowly; supersaturated solutions are readily
formed,
9. The qusLntum yield was determined for the two wave
lengths 2537 and 3130t smd it was found that each absorbed
light quantum led to the formation of one dyestuff molecule.
10. The maximum irradiated L.C. and the pure C.V. have
the same absorption spectrum in the ultra violet smd also in
i the visible region of the spectrum,
!
I
11. Agreement between two entirely different methods
of determining the absorption spectra prove that no other
absorbing impurity (such as undlssociated dyestuff cyanide) is
present, or at least only in small quantities.
12. The absorption spectrum of the colorless nitrile is
distinctly different from that of the irradicated L. C. The
absorption spectrum of the L.C. destroyed by excess irradiation
is diffuse and less characteristic in ultra-violet.
13. The average value of the extinction coefficients of
the colorless nitrile for the lines 3130 and 2534X were found
(r
12,
to be 4,15 and 4«75 respectively.
o
In 1935 the problem was continued by Harris at M.I,T.
His work is concerned principally with M.G,, but he does give
some attention to C«V. He proved by spectrographic measurement
In the visible that colorimetric analysis for the photocompound
Is reliable. Then using this type of analysis he showed that
sufficient illumination converted C.V.L.C. quantitatively into
the photoconqpound (agreement with Weyde). However, he disputes
Weyde*s values, for and gives lower values. In all other
particulars he confirms earlier work in the case of C.V, stnd
finds no reason to doubt Llfschltz» original explanation of
the reaction mechanism. On the other hand it is of consider-
able interest to examine his objections to the same mechanism
In the case of M.5.L.C. light-dark reactions. First of all he
discovered that addition of water to alcoholic solutions of
M.G.L.C. Increased the reaction velocity — in contradistinction
to behavior of C.V.L.C. But his most Important reason for doubt-
9
Ing Llfschltz' theory is given in the following quotation
The addition of HCl to partially decolorized I
solutions restored the color No coloration
appeared if HCl was added to sm unexposed L.C. solu-
tion. This indicates that the product of the dark
reaction in alcohol {95%) is not the original L.C.
and therefore Llfschltz* mechanism is not applicable.
On the basis of this Information Harris deduces that the
end product of the dark reaction in the case of M.S.L.C. is
8. Harris, Louis, and others, Journ . Am . Chem . Soc . 57:1154
(1935).
9. Ibid ., P. 1157
.
r• • •*
r
13.
the colorless carbinol. He gives a mechanism which he claims '
explains all the known facts concerning the light-dark reac-
tions of this substance.
Finally, arriving at the most recent publication we have
10 I
the work of German and Gibson. Extensive and careful I
I
spectrophotometric determinations on M.G.L.C. led these inves-
tigators to believe that Lifschitz* original proposal for the
dark reaction (page 6) is still valid in 100$^ alcohol . In
the presence of water, however, they say that the end product
could not be the L.C., the leuco carbinol, nor the photo-
compound, since all of them show minima in their absorption
o
curves at 3500A, This end product resembles the leuco car-
binol in one respect only -- it is decomposed by HCl to form
' a green solution similar to that of malachite green salts.
I
I Limitations of previous studies . The inadequacy of
present knowledge, previously mentioned, should now be apparent.
No attempt has been made thus far to raise objections for fear
|
of confusing the great mass of details which had to be presented.
The summary of the literature will now be briefly retraced and
weaknesses pointed out as they occur.
In the first place Lifschitz based his theories entirely
on conductivity changes in excessively irradiated alcoholic
solutions ignoring completely the possibility of decomposing
10. German, Frank E., and Chaa. L. Gibson, Journ. Amer. Chem.
Soc., 62:110 (1940).

11
the alcohol. But It is certainly a fact that alcohol is
dissociated by light yielding, among other things, free hydroxyl
radicles. This alone would be sufficient explanation for an
increase in conductivity. Furthermore, Lifschitz leaped at
the conclusion that the negative ion formed was the cyanide
Ion although he admitted he could not prove it. Later in-
vestigators apparently accepted the presence of the cyanide
Ion on faith for nothing was found in the literature which
Indicated that any doubt existed or that any further investiga-
I
tlon of this matter had been done. This is rather stirprising
in view of the fact that the CN ion has a characteristic
,
absorption spectrum so that its presence may be readily
12detected with the proper equipment, Lifschitz indicated that
he entertained some doubts himself when, in a discussion of
Hantzsch*3 argument on Halochromle Erscheinungen . he pointed
j
out that Hantzsch»s ideas depended on the strong conductance
I
of the colored solutions of triphenylmethsme dyes, Lifschitz
admitted that all such solutions did conduct but he raised
the important question as to whether only colored solutions
l| of the triphenylmethanes conduct. This condition is not ful-
13filled for Meyer has shown that not only the colorless solu-
i
tions of triphenylmethylhalogenides in pyrldin but also color-
11, Oilman, H., et.al,, Orf^anic Chemistry . New York: John
Wiley Sons, Inc. , 1938. Vol, I p. 538.
I 12. Ibid , loc . cit .
13. Meyer, K.E. and A. Hantzsch, Berichte . 43,338 (1910).
rr
Iless solutions of the same in other media, conduct electricity.
Therefore color and electrical conductivity of solutions of
triphenylmethane derivatives do not always run parallel. Thus
it appears that several interpretations of the changes in
conductivity observed by Llfschitz are available.
Still smother point of difference between Llfschitz and
the others is that his conductivity measurements allow only a
66% conversion to the photo-confound whereas Weyde and Harris
get quantitative conversion.
Harris and GemsLn agree that the dark reaction coinpound
in the case of M.G#L«C. cannot be the L.C. itself because this
Is not affected by acids while the final product of the dark
reaction is deconqjosed by acids. Although neither of these
men mentioned any corresponding experiments with C.V.L.C.,
such experiments were made in the present investigation and
Identical behavior was discovered. This might lead one to
suspect the carblnol for reasons similar to those which led
Harris to favor the carbinol in the case of M.G, However, an
Important point of difference between M.G.L.C. and C.V.L.C.
is that the dark reaction is hastened by the presence of water
In the case of the first and retarded in the latter. Thus it
would be illogical to suppose that hydrolysis plays any part
In the dark reaction of C.V.L.C. or that the carblnol is the
end product. It is unfortunate that German did not carry his
experiments to the point of proving this as he did so con-
clusively in the case of M.G.

In order to clarify some of these objections a series
of qualitative tests with hybrochlaris acid were performed
which were intended to show whether Harris* results in cor-
responding tests with M.G.L.C, were applicable to C.V.L.C.
Following this, numerous electrometric experiments were carried
out to determine the pH change and any other concentration
changes which could be detected. The final approach to the
problem was effected by means of the spectrophotometer which
it was hoped would prove the identity of the final product of
the dark reaction*
All these experiments are minutely described in the next
chapter.
r(
I
CHAPTER III
TECHNIQUE AND RESULTS OP INDIVIDUAL
EXPERIMENTS
1. PREPARATION OF MTERIALS
The C,V,L«C« was prepared approximately according to
Hantzsch's method^ but was repreclpitated four times from
dilute HCl and was boiled with activated charcoal each time.
The resulting white powder was washed several times with
alcohol and was then dried in the dark. After standing for
several months in a tightly stoppered jar in the dark this
powder gradually acquired a pale violet color. It melted
o o
with decoE^josition at 291-292 ; colorization began at 284 •
(Hantzsch gives colorization 250^, m.p. 288-290°, Harris gives
colorization 290°, M.P. 294.0-295.6°.) Harris* higher figure
may be due to the fact that he washed his by continuous ex-
traction with ethyl alcohol for 10 weeks, changing the solvent
every few days.
The alcohol was dried and purified according to one
2
of the methods given by Leighton. Not all of the steps of
his procedure were used; the following were retained:
A, Start with stock absolute alcohol, without
purl float ion.
1. Hantzsch A. and G, Osswald, Berichte . 33:306 (1900).
' 2. Philip Leighton, and others, Journ . Amer . Chem . Soc .
53:3017 (1931).

18.
B. Alcohol A was treated with concentrated sulfuric
acid and distilled.
C, The product from B was refluxed with potassium
hydroxide and silver nitrate and again distilled.
D. Alcohol C was allowed to stand one week over pure
calcium oxide, freshly calcined, then filtered and distilled
slowly from water bath. This whole process from the addition
;
of the calcium oxide was carried out in an atmosphere of dry
nitrogen.
E, Alcohol D was treated with metallic calcium emd
distilled again with dry nitrogen.
In the fature all references to pure alcohol will signify
alcohol prepared by this process.
2. QUALITATIVE TESTS
Since no record was found of the action of solvents
other than ethyl alcohol, benzene and ether it was decided to
try the effect of a large number of solvents chosen at random.
The results are shown in Table I.
The dielectric constants of the solvents shown in
I
Table I were Included to demonstrate the lack of correlation
^ between this property and the color effect. The relation of
color effect to solubility could not be determined exactly
since no data was available on the solubility of the C.V.L.C.
3. Frederick G. Smith, Industrial and Engineerin/!: Chemistry.
Analytical Edition. 1:72 (1929).
rr
I
TABLE I
EFFECT OF ULTRA VIOIET LIGHT ON SOLUTIONS OF
CRYSTAL VIOLET LEUCOCYANIDE IN VARIOUS SOLVENTS
oo±ven,t intensity or coxor
developed
T^4 ^ n A A ^ w«4 AjJieiectric
Constant
^Acetone f\u /SO .C
Allyl alcohol medium 21,6
Benzaldehyde 0 18 •
Benzene 0 o o
Butyl Dromiue 0 c cD «0
n-Butyl maionic ester ramt
oarDon aisuiiiae U o c
onj-ororonn meuium v oxue
;
K r\O cU
cyclohexanol very aeep lo.
debny±enegi.yco± very ueep
jJiet;ny4- m—Dutyi
maionate meQium
Dloxan u
Jsuner U
£<unyx acetate very ueep D •*t
Ethvl acetoacetate medium 15.9
Ethyl alcohol deep 25.8
Ethyleneglycol
monoethylester very deep
8.4
!Ethyl malonate very deep
Ethyl phthalate 0
Ethyl propionate very deep 5.7
Ethyl sulfate 0
Isopropyl alcohol deep
Methyl acetate very deep 7.3
Methyl alcohol very deep 31.2
Mesltyl oxide very faint
Propyl alcohol deep 22.2
Pyridine 0 12.4
Water 0 81.
I-
This solution was left standing in a stoppered test tube
exposed to the light from a window and twenty-four hotirs later
it was deep violet.
r(
ll
In the various solvents. However, it can be stated in
general, that alcohol, which gives about the greatest effect,
is one of the poorest of the solvents shown.
In order to see if TJ.V.L, had any effect on the dry
substance, same desiccated C.V.L.C, was put in a dry quartz
test tube and exposed to strong irradiation from an iron arc
for several minutes; there was no visible change. Another
sample was spread on a piece of paper and left in the light
from a window. In two days time it acquired a medium violet
color. Apparently, if time enough is given reaction can toke
place in the absence of solvent.
The photo-deconposition products of alcohol were sus-
pected of influencing the dark reaction but when carbon
monoxide was bubbled through an alcoholic solution of C,V,L,C*
which had been photolyzed to a medium Violet color there was
no visible change, Acetaldelyde and formaldehyde were added
to this same solution without results. Another alcoholic
solution of the L,C, was Irradiated then caused to fade to a
very faint violet by the addition of potassium cyanide.
Carbon monoxide, acetaldehyde and formaldehyde had no effect.
All previous investigators tacitly assumed that the
catalytic action of potassium cyanide was due entirely to the
cyanide ion. But knowing that hydroxides have a similar
effect, one could also properly conclude that the action in
the case of the cyanide depended upon the hydrolysis of this
ion with consequent increase in hydroxyl ion concentration.
rr
I
21.
The possibility of sufficient hydrolysis occurring in pure
alcohol was proven by testing sodium carbonate as catalyst
for the dark reaction. It acted satisfactorily but much more
was required to bring about complete fading in a given length
of time than was required of potassium cyanide under identical
conditions. Then an alcoholic buffer solution was made by
saturating a 90 per cent alcohol-water mixtiire with disodiiun
phosphate and adding citric acid until the p^ was between
seven and eight.^ Some C.V.L.C. was added (saturated) and
the whole irradiated to a medium violet color. This was
allowed to stand for a while to make certain that fading
would not occur due to the hydroxyl ion concentration. After
several minutes no appreciable fading had taken place so a
small quantity of potassium cyanide was added and the color
began to fade at once. In about two minutes the solution was
colorless. This same experiment was carried out in a sodium
acetate-acetic acid alcoholic buffer which was definitely on
the acid side and the response of the dark reaction to the addi
tion of cyanide was very sluggish. Such a result is easily ex-
plained on the basis of the repression of the cyanide ion con-
centration by the excessive acidity. In any case these experi-
ments demonstrate adequately that an Increase in hydroxyl ion
concentration is not necessary for catalysis of the dark
4. No satisfactory buffer in this range could be prepared with
absolute alcohol due to the insolubility of sodium phosphate
in this medium.
4 >> W *
r
22,
reaction and that the action of potassium cyanide In buffer
solutions Is due entirely to the cyanide Ion, Of course in
unbuffered solutions the potassium cyanide must have a com-
bined effect by supplying both cyanide and hydroxyl ions. It
immediately follows that any dark reaction which is catalyzed
by an alkali cysinide undoubtedly gives rise to two separate
products instead of to only one as all previous workers have
erringly taken for granted.
Continuing this same line of reasoning all observed
facts concerning the light-dark reaction are readily explained
and the differences between the various theoretical proposals
are easily rationalized. Thus Harris* proposal for the dark
reaction:
may very well be true for that part of the reaction which is
promoted by the hydroxyl ion arising from hydrolysis of the
potassium cyanide. (Even sinalytical reagent quality potassium
cyanide contains significant qusmtltles of potassium hydroxide.)
5 liLlfschitz' equation is then presimied to indicate the remainder"
Of the reaction. These conclusions are at least partly sub-
atantlated by the fact that when cyanide-uocolorized solutions
5. Cf. page 6,
r
23.
of C,V, photocompound were treated with dilute hydrochloric
and only partial restoration of the color was observed. No
colorimeter was used In this experiment but the difference was
|
so marked that none was necessary for qualitative results.
Harris claims complete restoration of the color in the case of
M.Cr. dark reaction compound but he does not make clear whether i
the solutions had been faded with potassium cyanide or potassium
hydroxide. If the latter were used, the above indicated mecham
I
Ism would predict complete restoration anyway.
For the purpose of checking these deductions the follow-
ing experiment was devised: Saturated solutions of C.V.L.C,
and M.G.L.C. were prepared and these were each divided into
three parts, equal portions being put in six identical test tubes.
Next, all six test tubes were exposed simultaneously to sin iron
arc; the three C.V, solutions became deep violet and the three
M.G. solutions became deep green. Then one drop of dilute
aqueous sodium hydroxide was placed in one test tube of each of
the solutions and these quickly faded to colorless. Solid po-
tassium cyanide was added to another pair (less than 0.01 gram)
and these each faded in about two or three minutes. Thus one
test tube of each solution ¥ras kept as a color standard.
Finally, one drop of dilute hydrochloric acid was placed in each
of the four faded solutions. Both solutions which had been
treated with potassiiun hydroxide were con^letely restored to
their original colors. The C.V. -- potassium cyanide solution
was only about ten per cent restored and the M.O, -- potassium
——— . -.
4 M «
cyanide was about eighty to ninety percent restored. Addition
of excess acid produced no farther change. The experiment was
repeated several times with the same results, (shown schema-
tically on the next page).
The question arose as to whether the light reaction
could be carried out In a manner similar to the reaction In-
volved in photographic processes. That is, could the reaction
be effected In such a way that no visible change would take
place during the exposure but yet permit the color to be
"developed out" afterwards. An affirmative answer was quickly
obtained by the following procedure: An alcoholic solution of
C.V.L.C. was treated dropwise with dilute aqueous sodium
hydroxide, small portions being drawn out and Irradiated after
the addition of each drop. A point was soon reached where so
much sodium hydroxide had been added that only faint coloration
occurred upon Intense Irradiation. The main portion of the
solution was then divided into two parts, one being retained
as a control and the other being exposed to the arc light. In
this exposure the test tube was held far enough from the light
80 that not the slightest trace of color appeared. After about
three minutes the light was turned off and one drop of hydro-
chloric acid was put in each test tube. The solution which
had been exposed insteuatly turned medium violet but the control
remained unchanged,
A simple explanation of this interesting phenomenon may
be had by again referring to Llfschltz» equation (page 6).
r
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The colorless, acid labile solution obtained by irradiating the
basic solution of the L.C, evidently contained the intermediate
product shown in the equation. Of course this intermediate
product might In turn have reacted with the excess hydroxyl ions
to form the carbinol which is also colorless and acid decompos-
able* So far as could be determined neither Llfschltz himself
nor any later investigator ever regarded this intermediate substance
as any more than hypothetical* But it now seems very likely '|
that it does exist, at least momentarily, and its occxirrence
must be the proper explanation of the "developing out" process.^
In order to test the stability of the intermediate stage, the
experiment was repeated but the solution was allowed to stand
In the dark one half hour before acidification. However, when
the acid was finally added the same results were obtained.
The entire experiment was again repeated but potassium
cyanide was substituted for potassium hydroxide (a saturated
solution was required to prevent coloration on exposure). But
in this case only a slight trace of violet appeared when the
acid was added. This is easily interpreted by assximing that
the Intermediate product first formed reacts with the excess
cyanide ions to give back the leucocyanide which is, of course,
stable to acid.
6. Various attempts have been made to deduce the structure of
such intermediates from general theoretical considerations.
These arguments were felt to be too involved to present here
but annotated references may be found in the Bibliography.
f*
c
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All these facts are consistent with each other and form
the final bits of evidence necessaj»y to complete the picture of
the dsirk reaction. For it Is very easy to believe that If the
presence of excess hydroxyl or cyanide Ions can stop the light
reaction at an Intermediate stage or send It back to the original
L«C., then the dark reaction which is invariably carried out in
the presence of one or the other of these catalysts must en-
counter the identical situation and so stop at the same point
or go to the same conclusion. Assuming that these speculations
are acceptable, all the possible resultants of the dark reaction
which have been suggested since its discovery may now be listed:
1. Leucocyanide suggested by Llfschitz for all trl-
phenylmethanes; accepted by V/eyde and Harris for C.V. but
denied by latter for M.G«
2. Carbinol — Harris (for M.G. only); denied by German.
3. Neither of these — German.
4. Mixture of the two or intermediate compound or mix-
ture of all three depending upon which catalyst is used —
present Investigator.
3. ELECTROMETRIC DETERMINATIONS
Glass electrode . Information of a more exact nature
than that yielded by the foregoing experiments was considered
necessary for final establishment of an air-tight theory. The
principal mode of attack available was that of the electrical
measurement. Accordingly it was decided to measure the change

In hydrogen ion concentration (if any) which occurred during
the light-dark reaction. The glass electrode was selected for
the purpose since no other electrode could be expected to give
even approximate results under the given experimental conditiona
Even the glass electrode was not expected to give accurate
absolute values but at least relative values were anticipated.
The problem of measuring extremely slight changes in deeply
colored absolute alcohol solutions of rapidly changing composi-
tion was not an easy one as will become apparent.
The glass electrodes themselves were prepared according
7
to a standard method. The silver chloride electrodes were
Q
made by a process which gives a purplish-brown coating unaffect
ed by any light. A Leeds-Northrup type K2 potentiometer with a !
thermionic amplifier was used. The other half-cell was a tenth
normal calomel. The determination was carried out by placing
a glass beaker containing the saturated solution of C.V.L.G.
In pure alcohol at a point where it could receive intense
Irradiation from a quartz mercury-vapor lamp. The electrodes
were inserted (all electrodes were shielded from direct rays)
and the potential of the cell thus formed was measured. Then
the lamp was turned on and readings of the E.K.F. were taken
at frequent intervals. The first trial proved the extreme
delicacy of the apparatus for it was found that the electric
7. W.A. Koehler, Principles and Applications of Electro-
chemistry . New York: John Wiley & Sons, Inc.,~T935. Vol. I,
p. 239.
8. Alfred S. Prown, Joum . Am . Chem . Soc ,. 56:696 (1934).
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fields set up by the stirrer motor and the lamp itself made
readings Impossible while these were running. Furthermore
changes in body capacitance of the operator or of any person
In the room caused the galanometer to swing wildly back and
forth. Even after such precautions as interposing a wire screen
between the operator and Instrument and grounding both, it was
fotmd necessary to limit bodily movement to a minimum and to
prevent any other person from walking about in the same room.
|
The results obtained after the various difficulties were
4
mastered are shown in the following tables and graphs which are i
self-explanatory . It should be noted that these are not
necessarily consecutive runs but sire representative samples
chosen from innumerable trials.

TABLE II
CHANGE IN POTENTIAL OP GLASS ELECTRODE DURING
LIGHT REACTION
Reading
No.
Time in
minutes Treatment Color E •M •F • 1
1
1 0 Pure alcohol .5900
2 3 II n .4007
3 7 n m
Add C.V.L.G.*
.5892
4 14 .5985
5 16 Light on violet
6 20 ft n Deep Violet .5088
7 26 n m II II .5549
8 54 M II tt II .5549
Light off II m
9 76 n n m « .5548
Enough to saturate the solution.
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TABLE III
CHANGES IN POTENTIAL OF GLASS ELECTRODE DURING
LIGHT REACTION IN THE PRESENCE OP POTASSIUM CYANIDE*
No.
Time
Minutes Treatment Color Temperature
||
E.M.P. I|
1 0 Light on Pale violet 23.5 .5155
1
e n n Deep n PS 7 5?nn '
3 16 N n It If 26.0 .5215
4 19 n n a 26.4 .5222
5 21.5 It N « « 26.9 .5235
6 23 If n n 27.0 .5245
Light off n It
il
7 63 n n It H 25.0 .5245
8 64 Add 5 drops n N .5546
KCN
I
* Only five drops of dilute alcohol in potassium cyanide were
[added prior to the first reading yet this was sufficient to
j limit the total change in E.M.F. to less than one tenth the
'value shown in Table II, When enough potassium cyanide was
added to catalyze the dark reaction, the change became im-
measurably small.
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The Platlmun Electrode, The electrode was constructed
exactly like those used in the so-called differential method
of electrometrlc titration. The containing glass tube was
covered with tinfoil clear down to the tip to prevent any
possible photo-electric effects; a rubber bulb was attached to
the upper end of the glass tube so that the liquid could be
flushed out before each reading. This also served to stir the
solution. However, in spite of all precautions the most per-
sistent efforts with this electrode were to no avail. No con-
sistent or meaningful results could be obtained so its use was
abandoned
.
4r
1
The Copper Electrode . At the start of the investigation
'I
very little in general and nothing in particular was known
about this electrode. Consequently a large ntunber of preliminary
tests had to be performed before it was used in aji actual deter-
I
mination. In general:
I
1. The copper electrode is negative with respect to
tenth normal calomel.
2. The potential of a copper-calomel cell increases with
'
increasing concentration of hydroxyl ion in the copper half-
,
cell. This increase is rapid at first but levels off (becoming
unstable) at high concentrations thus limiting the maxiraxam in-
crease to about 0.3 - 0.4 volt.
I
3. Increasing hydrogen ion concentration produces a
similar decrease in potential.
I
4. In solutions containing high concentration of
I
electrolyte, the response of the electrode is sluggish,
5. With distilled water the E.M.P. of the above cell
is about 0.2 volts (not always exactly reproducible) and the
addition of a alight trace of potassium cyanide produces €Ln i
Iinstant and astonishingly great increase of potential. The
maximum change is from 1.0 to 1.2 volts. The results are
qufiintitatively the same in buffered water solutions,
I
j
6. With pure alcohol the E.K.P, is the same as with
water but the change with increasing cysuiide concentration is
j
limited to about 0.3 - 0.5 volt. The same is true for buffered
lalcohol solutions.
r
This last property was the sole reason for considering
the copper electrode. It was hoped that thru Its use a means I
of measuring extremely small fluctuations in cyanide ion con-
centration could be devised. With this in view a buffer solu-
tion was made containing:
500 cc. pure ethyl alcohol
20 cc. glacial acetic acid
20 grams sodium acetate
25 cc, distilled water
One hundred cubic centimeters of this solution were saturated
with potassium cyanide; 0.96 grams were required. Twenty cubic
centimeters of the main portion of the solution was then put
In the copper half cell and the cyanide solution was added in
small portions from a burette. In order to ascertain the
effect (if any) which copper ions might have on the potential,
some of the same buffer solution was saturated with copper
acetate (0,04 grams per 100 cc.) and this was added in the
same way as the other to a fresh twenty cubic centiir^eter portion
of the main solution. The results are tabulated and graphed
on pages 38-39.
After the E.M.F, of the copper-calomel cell had been
j
determined as a function of the concentration, a C,V,L,C, !
solution in pure alcohol was made up and its change in composi-
tion on photolysis was followed by means of the copper electrode.
The results are graphed on the next page. This graph demon-
||
I
strates conclusively that the L,C, dissociates to give cyanide
ions. Its value as a quantitative measure of this dissociation
is, however, very slight. Using the date of Table IV and I

137.
I
1
making the necessary calculations for the highest potential
shown in Figure IV the concentration of cyanide ions obtained
is higher than is theoretically possible even at 100 per cent
dissociation, (Weyde's value for the solubility was taken.)
I
Attempts were made to follow the dsirk reaction with the
; copper electrode but all efforts met with the same lack of
.success e:5)erlenced in corresponding trials with the glass
electrode. That is, when sufficient potassium cyanide or
potassium hydroxide was used to bring about decolorization in
a reasonable length of time, the response of the Instrument
i!was insignificant and erratic.
I
1
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TABLE IV
EFFECT OF CYANIDE
ELECTRODE
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4. PHOTOMETRIC DETERMINATION
l|
After the possibilities of the potentiometric method
had been exhausted the determination of absorption spectra was
undertaken as a final approach to the problem. The first of
j
these measurements were made with a Coleman RS-Photometer,
A A
This instrument has a wave length range of from 3500 to 10,000
and is calibrated to read percent transmission directly. "
Mainly for the purpose of checking the operation of
j
the instrument a run was made on irradiated, colored L»C,
solutions and on the dye solution. The results are shown in
Figure 6. It can be seen that the absorption spectrum of the
dye solution was almost Identical with that of the L.C. solu-
tion which was irradiated one minute. The concentration of
the dye solution was adjusted to have the same depth of color
(Judged visually) as the L.C. solution. The lower curve was
obtained from a saturated solution of C.V.L.C. which was ir-
radiated forty minutes at a distance of four Inches from a ^
powerful iron arc and then fifteen minutes at eight inches from
a quartz mercury vapor lamp. The color developed was much deeper
than the previous solution but the similarity of the curves
shows that no decomposition of either the solvent (alcohol) or
the photocon5)Ound had taken place. Naturally the curve of the
more concentrated solution was displaced downwards but the
Ir
\
I
(
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experiment shows that no accotmt need be taken of the foimiation
of decomposition products even after the most extended periods
of irradiation.
ij Next, a series of runs were made on weak alcoholic so-
lutions of potassium cyanide, sodium hydroxide, strongly ir-
radiated ethanol, and unirradiated, saturated C.V.L.C. solu-
tion. The greatest amount of absorption was given by the last
i
{mentioned solution which is shown in Figure 7, Number 1. The
I
others were so Insignificant that their effect in the following
r
I
experiments was ignored,
!
An experiment to discover the identity of the confound
'formed by irradiating a C.V.L.C. solution in the presence of
I
enough sodium hydroxide to prevent coloring was performed as
|| follows; A saturated C.V.L.C. was made and divided in two
j
parts. One was irradiated for a minute and then faded with
I
three drops of sodium hydroxide, the other was treated with
I
three drops of sodium Hydroxide and then irradiated at such a
distance that no color appeared. The absorption spectra of
j these two solutions were found to be so nearly alike that only
one was plotted. It is Number 3 in Figure 7. This proves that
the compound responsible for the "developing out" process pre-
Iviously mentioned is identical with the resultant of the dark
I
reaction and is in all probability, the carbinol.
Finally an experiment was made to coir5)are the resultant
of the dark reaction with alkali added with that catalyzed by
r
' cyanide. A saturated solution of CV.L.C, was irradiated and
then divided in two equal portions. One was faded with sodium
hydroxide and the other with potassium cyanide. The absorption
'spectra of these two solutions are numbers 4 and 3, respectively,
A
|l In Figure 7. Although these curves are very far apart at 3500 ,
i
their shapes in general, are Identical, indicating the presence
i I
I
of the same compound. The difference between them is entirely
I'due to a concentration effect. That is, much more of the sub-
I
stance responsible for the absorption was formed in the solu-
I
tion faded with sodium hydroxide then in the one faded with
Ijpotasslum cyanide. No matter how much L.C. was formed in the
j latter solution the shape of the curve would not be affected
!| since this compound Is almost completely transparent as shown
ll
I by curve 1
•
I It is obvious that the results of these photometric
|
I
determinations agree perfectly with the deductions drawn from
\
I
I
1 the experiments with hydrochloric acid.
|
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CHAPTER IV
SUMMARY Am CONCLUSIONS
j
Prior to the time of this Investigation no solvents
other than ethyl and methyl alcohol were known (so far as
evidence In the literature was concerned) In which the photo-
chemical dissociation of the triphenylmethane leucocyanides
would take place. Considering the simplicity of finding new
ones this fact seems rather odd but it Is all the more strange
when it is realized that some of the solvents brought to light
In this thesis (shown in Table I) are much better media for the
reaction than are the alcohols. The principle advantage to
be considered is the Increased solubility of C.V.L.C, in cer-
tain of these confounds. Deserving particular mention are
ethyl acetate and ethyl malonate both of which dissolve good
quantities of C»V»L»C,, give instant response to illumination,
and develop a very Intense violet color. Just why these sub-
stances (and several other esters) should function so well is
not known. It has been previously stated that there seemed
to be no correlation between intensity of color developed and
dielectric constant or between color and solubility. However,
the possibility still exists that the color development may be
some combined function of the dielectric constant and solu-
Ibillty, Thus a liquid with a low dielectric constant may work
1. Many alcohols other than those shown In Table I were tried
and they all worked but with decreasing efficiency with in-
creasing molecular weight,

providing It dissolves enough of the L,C, and vice versa . In
order to decide this it would be necessary to deterrnine the
exact solubility of C.V.L.C, in the various solvents that
j
is a job for the future.
The slight Increase in pH during the light reaction as
measured by the glass electrode suggested the presence of the
cyanide ion; the Increase in potential of the copper electrode
proved it beyond the shadow of a doubt.
Since the electrometric approach failed to yield any
satisfactory data on the dark reaction the chemical proof ob-
tained in the experiments with hydrochloric acid must be
relied upon. These tests showed that the final product of the
dark reaction in the presence of potassium hydroxide was either
the carbinol, the intermediate compound or a mixture of the two.
And in the presence of potassium cyemide the principal product
indicated was the leucocyanlde with an accompanyinc: mixture of
intermediate product and carbinol. The absorption spectra
measiirements appear to substantiate this. The structure of the
intermediate compound remains in doubt. It is even questionable
as to whether it exists or not. A possible alternative struc-
jture for the product of the dark reaction might be similar to
'\ 2
that shown in an equation proposed by Vllllger
2, Victor Vllllger and Edvard Kopetschnl. Berlchte .
45:2910-22 (1912).

However Germfiin (loc . cit » ) argues that such a coi!5)ound
would be too stable to light and acid.
The trend of the curves In Figure 7 indicate that valu-
able results might be expected from an investigation of the
deep ultra violet absorption spectra of the solutions involved.
A summary of the light-dark ^as far as it has been de-
termined by the present investigation is shown on the next page
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